Objective Our objective was to examine the effects of exercise training (EXS) on quality of life (QoL) in highly active antiretroviral therapy (HAART)-treated HIV-positive (HIV+) subjects with body fat redistribution (BFR) in Rwanda. Methods The effects of a randomised controlled trial of EXS on QoL were measured using World Health Organisation Quality of Life (WHOQOL)-BREF in HIV+ subjects with BFR randomised to EXS (n = 50; BFR + EXS) or no exercise training (n = 50; BFR + noEXS). Conclusions Exercise training improved several components of QoL in HAART-treated HIV+ African subjects with BFR. Exercise training is an inexpensive and efficacious strategy for improving QoL in HIV+ African subjects, which may improve HAART adherence and treatment initiatives in resource-limited areas of sub-Saharan Africa.
Introduction
The management of HIV infection with highly active antiretroviral therapy (HAART) has improved the survival rate of HIV-positive (HIV+) patients [1] , although it is associated with anthropometric and metabolic abnormalities [2, 3] . In particular, body fat redistribution (BFR) may reveal a person's serostatus, resulting in stigmatisation and impaired psychosocial well-being [4] . Therefore, despite HAART-associated improvements in morbidity and mortality, BFR associated with HIV and HAART may result in diminished quality of life (QoL). As efforts to improve access to HIV treatment in resource-limited areas such as sub-Saharan Africa increase [5] , strategies to manage the adverse effects of BFR on QoL become more crucial, as these management strategies may enhance treatment adherence [6] . Measures of QoL provide valuable information about patients' well being, psychological and social functioning, and the cost-effectiveness of intervention trials [7] . Therefore, there is a need to test and identify effective interventions that may alleviate the psychological and social consequences of HAART-and HIV-related BFR and enhance QoL of HIV+ patients receiving HAART.
The effects of BFR abnormalities on patients' QoL [8, 9] , the aetiology and prevalence of BFR [2, 3, 10] and strategies to manage metabolic disorders associated with BFR [11 12 ] have all been previously studied. However, there remains a paucity of information on the effects of interventions such as exercise training (EXS) on QoL in HAART-treated HIV+ patients with BFR in sub-Saharan Africa where the prevalence of HIV is highest in the world and access to HIV treatment is improving. EXS has been reported to improve psychological well-being, physical functioning and promote independence in an HIV population [13, 14] . EXS has also been reported to alleviate negative psychological states and promote positive mood, vigour and well-being in both healthy individuals and other patient populations [15, 16] . We tested whether EXS improves domains of QoL in HAART-treated HIV+ patients with BFR and whether EXS can reduce self-perceived BFR. We therefore examined the effects of a 6-month randomised controlled trial of EXS on QoL in a Rwandan population of HAART-treated HIV+ subjects with BFR. [17, 18] of the face, the dorsocervical region, arms, breasts, abdomen, buttocks or legs. BFR changes must have occurred after initiation of HAART. Changes in fat content of these different regions were rated by the participants using a scoring system on a scale of 1-4. Thus, the severity of fat accumulation and/or lipoatrophy at each body site were rated by the participant as absent (score of 1), mild (noticeable on close inspection, score of 2), moderate (readily noticeable by patient or physician, score of 3) or severe (readily noticeable to a casual observer, score of 4). The scores for each body site were then combined to give a total BFR score. This same scoring system was also used by subjects to rate their overall change in body fat content from absent to severe. The scores for fat changes at each body site and the score for overall body fat change were confirmed by physical examination in which three clinicians working in the field of HIV/AIDS gave a consensus body-site and overall score to each patient. For the purposes of this study, HIV+ volunteers were enrolled if they had a moderate (score 3) to severe (score 4) overall rating for changes in body fat content and a total BFR score of C18.
Methods

Subjects
Subjects were excluded if they had emotional distress or psychosis, unstable angina, shortness of breath with exercise, known medical history that would contraindicate exercise training, acute infections and opportunistic AIDS-defining illnesses. Subjects were also excluded if they had musculoskeletal or neuromuscular disorders or were unwilling to exercise continuously for C6 months. Out of 152 screened volunteers with BFR, 21 subjects did not have moderate or severe BFR, 16 were determined unfit to exercise, 11 declined to participate and four anticipated changes in medications that contraindicated exercise or had a neuromuscular disorder. One hundred HIV+ subjects with moderate to severe BFR were stratified by gender and randomised to either an EXS group (n = 50; BFR + EXS) or a no exercise (noEXS) control group (n = 50; BFR + noEXS).
Exercise protocol BFR + EXS subjects participated in a 6-month supervised EXS programme (three sessions/week, 1.5 h/session, alternating days) at a fitness club in Kigali. Subjects were instructed on proper warmup, stretching, and 15 min of brisk walking followed by 45-60 min of jogging, running, stair climbing, low-back and abdominal stabilisation and strengthening exercises. The EXS regimen was progressive. An instructor gradually encouraged subjects to perform primarily jogging and running exercises with a goal of achieving at least 45% age-predicted maximum heart rate in the first 3 weeks, 60% in the next 6 weeks, and 75% by the end of the EXS intervention. Subjects' heart rate was assessed daily during EXS, and EXS intensity was based on the age-predicted maximum heart rate in order to elicit an adequate stimulus for cardiorespiratory and musculoskeletal system adaptations. Each training session ended with 15-min cool down and stretching exercises. Subjects' attendance at each session was recorded, and nonadherence was defined as 50% missed training sessions. Cardiorespiratory fitness was assessed at baseline and 6 months later using a 20-min multistage shuttle-run test (20mMST) [19] to predict maximum oxygen consumption (VO 2 peak; ml/kg per min). The 20mMST assessment tool for cardiorespiratory fitness has been employed in health and fitness settings [20] . Each subject's cardiorespiratory fitness was assessed individually during the 20mMST to minimise possible sources of error, and their rating of perceived exertion was measured with the Borg Perceived Exertion Scale [14] . Two BFR + EXS subjects were lost from the study: one died following surgery, and another moved to a distant location. One BFR + noEXS subject was lost to follow-up. Adherence to the exercise programme was 82.2%. All measurements were obtained at baseline and after a 6-month observation or intervention period.
Quality-of-life assessments
Quality of life was measured at baseline and after 6 months using a short-form instrument (WHOQOL-BREF) [21] of the WHO Quality of Life HIV (WHOQOL-HIV), generically developed from international cross-cultural settings [22] . The WHOQOL-BREF evaluates overall general health and several other domains universally adopted from the WHOQOL-HIV that evaluate QoL, namely, physical, psychological, independence and social relationship domains. However, as QoL for HIV+ patients during HAART may change due to the positive effects of HAART counterbalanced by the effects of BFR [4] , we included an extra domain containing five facets specific for HIV+ patients receiving HAART. These items were generated from preliminary subjects' interviews, opinions of clinicians and social scientists working in the field of HIV/ AIDS and a literature search [6, 9, 23] . These facets included feeling ashamed in public, problems of dressing style and clothes' size, feeling less confident about one's health, fear of HIV status being revealed by changes in body-fat distribution and being embarrassed due to bodyfat changes. The 25-item WHOQOL-BREF instrument contained items asking how a person felt about different aspects of their life in the previous 4 weeks. The items were rated on a five-point Likert interval scale, where 1 indicated negative perceptions and feelings and 5 indicated very high positive perceptions and feelings. For example, an item on HIV disclosure asked, ''In the last 4 weeks, how confident have you been about people knowing that you are HIV positive?'' The available responses were: 1 (not at all), 2 (a little), 3 (a moderate amount), 4 (very much) and 5 (an extreme amount).
Anthropometric measurements
Height, weight, waist and hip circumferences were measured by two trained research associates while the subject was standing wearing light clothing and no shoes. Weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively. For reproducibility and to minimise interobserver variability, associates were trained on proper anatomic placement of the tape measure, and their measurements were cross-validated on a number of volunteer subjects before being allowed to take measurements from the study participants. Waist circumference was measured using a nonstretch cloth tape measure at the narrowest circumference halfway between the lowest ribs and iliac crests. Hip circumference was measured at the level of the anterior superior iliac spine, where this could be palpated, otherwise at the broadest circumference below the waist. Two measurements were taken, and if these differed by [2 cm, a third measurement was taken. The mean of the closest two measurements was used to calculate waist-tohip ratio (WHR). An experienced investigator located and measured mid triceps, mid biceps, suprailiac and subscapular skin folds using Lange TM skin fold callipers. Measurements were read to the nearest 0.2 mm and averaged for each skin fold site. The sum of skin fold measures was used to predict percentage body fat (% BFM) using equations and formulas [24, 25] validated in a black population [26] .
Statistical analyses
Categorical data were analysed using the chi-square test and where appropriate Fisher's exact test. Differences in group proportions were assessed using the test of two proportions procedure. The nonpaired Student t test was used to investigate differences between means for continuous variables with a normal distribution, and the Mann-Whitney rank sum test was used for data that was not normally distributed. For each domain, facet scores were calculated and mean scores for each domain presented. Domain scores were obtained by summing the facet scores in the respective domain and dividing by the number of facets in that domain and multiplying by 4, so that the score ranges were from 4 to 20. Lower scores indicated poorer self-perceived QoL for the assessed health measure. Analyses of covariance (ANCOVA) in which the 6-month change as the dependent variable (absolute change from baseline), treatment group as independent variable and baseline values as the covariates, were used to determine whether there were between-group differences in the assessed domains of QoL at 6 months. All analyses were performed using SAS software, version 9.1.3 of the SAS System for Linux (SAS Institute Inc., Cary, NC, USA). Significance was accepted at P value B0.05. Normally distributed data are expressed in the text and tables as mean ± standard deviation (SD), unless otherwise stated.
Results
Baseline data
Subjects were receiving predominantly WHO-recommended first-line HAART regimens with 80% receiving stavudine, lamivudine and nevirapine. Eleven percent of subjects were receiving zidovudine, lamivudine and nevirapine, 5% were on zidovudine, lamivudine and efavirenz, 3% were on stavudine, lamivudine and efavirenz and only 1% were on lamivudine, abacavir and nevirapine. The number of subjects on each of the five HAART regimens did not differ significantly between groups. Subjects' baseline demographic characteristics were not significantly different between groups (Table 1 ). The CD4 cell counts (cells/ll), HAART duration, body mass index (BMI), waist and hip circumferences, WHR and VO 2 peak (ml/kg per min) did not differ between BFR + EXS and BFR + noEXS subjects (Table 1) .
Anthropometric changes and aerobic capacity after exercise training After 6 months of exercise training, waist circumference and WHR significantly decreased in BFR + EXS compared with respective mean changes in BFR + noEXS subjects (Table 2 ). Following EXS, there was no significant difference in mean changes of hip circumference between BFR + EXS and BFR + noEXS subjects (Table 2 ). Exercise training resulted in a significant decline in the sum of skin folds, percent body fat and total BFR score in BFR + EXS subjects compared with BFR + noEXS subjects (Table 2) . Furthermore, cardiorespiratory fitness improved more in the BFR + EXS [4.7 ± 3.9 vs. 0.5 ± 0.3 ml/kg per min; P \ 0.001] than in BFR + noEXS subjects. Mean changes in CD4 cell count (cells/ll) were not significantly different between BFR + EXS and BFR + noEXS groups after 6 months ( Table 2) . In summary, 6 months of exercise training in BFR + EXS improved aerobic capacity and reduced body fat, waist circumference, BMI, sum of skin folds and BFR score.
Effects of exercise training on domains of quality of life
Over the 6-month period, there was a significant improvement in QoL measures in the BFR + EXS compared with BFR + noEXS subjects. In particular, significant improvements were observed in the BFR + EXS group for the psychological, independence, social relationships and Data expressed as mean ± standard deviation or number (%)
HAART highly active antiretroviral therapy, BFR body fat redistribution, EXS exercise training, noEXS no exercise training, VO 2 peak maximum oxygen consumption, BMI body mass index HIV+ HAART-specific domains of QoL (Table 2) . Specific improvements in psychological well-being were observed for self-esteem and satisfaction with social life (P \ 0.001), body image and appearance (P \ 0.001) and emotional stress (P \ 0.001). Although the overall QoL domain improved in BFR + EXS group, we observed larger relative improvements in the psychological, independence, social relations and HIV HAART-specific domains of life (Table 2) . For the HIV HAART-specific domain, BFR + EXS subjects reported fewer problems of feeling ashamed in public (P \ 0.0001) and dressing style and size (P \0.0001) and more confidence about their health (P \ 0.001). Furthermore, BFR + EXS subjects reported less fear of forced HIV status disclosure (P \ 0.0001) and were less embarrassed due to the impact of the body changes (P \ 0.0001). We did not observe a significant difference in the changes in scores on the physical domain of QoL between the BFR + EXS and BFR + noEXS groups.
Changes in quality of life outcomes by gender
Within the BFR + EXS group, women improved more than men on the psychological domain (P \ 0.0001) (Fig. 1) , the social relationship domain of QoL (P \ 0.0001) and the HIV HAART-specific domain of QoL (P \ 0.0001). Conversely, women and men in the BFR + EXS group did not differ with respect to improvements in physical, independence and overall QoL domains. Also, female scores for the HIV HAART-specific domain of QoL declined more in the BFR + noEXS group than in the male gorup (P \ 0.05) (Fig. 1) .
Discussion
These findings suggest that 6 months of exercise training significantly improved QoL parameters in HAART-treated HIV+ Rwandan men and women with BFR without compromising immune function. To our knowledge, this is the first report on the benefits of exercise training on QoL in HAART-treated HIV+ African subjects with body fat alterations. Although it is difficult to entirely eliminate the possibility of contamination, cardiorespiratory fitness measured after 6 months of exercise training improved more in the exercise group than in the control group. Even if control subjects participated in some form of habitual exercise during the 6-month control period, it was of insufficient intensity and duration to improve their cardiorespiratory fitness. From a psychosocial perspective, exercise training improved self-perception of the effects of BFR, enhanced psychological well-being and social relationships and ultimately improved the QoL for HAART-treated HIVpositive men and women with BFR. HIV+ women with BFR who exercised for 6 months experienced more significant improvements in the psychological and social relationships domains and reported significantly enhanced health confidence scores, whereas the changes in men with BFR in the BFR + EXS group were insignificant for these domains. Our findings underscore the potential benefits of exercise training to mitigate the effects of stigma, promote social relationships and improve patients' self-perception of HIV-status disclosure and contribute to HAART adherence and treatment initiatives. Participants in this study were not fully representative of the general HIV+ population receiving HAART, as these subjects had moderate to severe BFR. However, the prevalence of moderate to severe BFR in the Rwandan HIV+ population receiving HAART is 26.6% [27] , and therefore, data from this study may be applicable to a large proportion of Rwandan subjects who are receiving HAART.
A high adherence to the exercise training programme was exhibited by the subjects in this study. Although further studies to assess the appropriateness and sustainability of such programmes in Rwanda and other countries with comparable cultural and social strata are warranted, the high adherence to exercise training may be attributed to the demand for interventions that attenuate HAART-associated BFR and provide psychological support and adequate interactions with health care professionals in subjects with severe BFR [4] .
With the advent of effective HAART, HIV infection is now considered a chronic manageable illness, and QoL has therefore become an important issue, especially in HIV+ patients with body fat alterations. However, there are no validated instruments that assess the effects of body fat changes on QoL in a HAART-treated HIV population [28] . The instruments commonly used to assess QoL in HIV populations include the Medical Outcome Study Short Form 36 (MOS SF-36) [29] , the HIV/AIDS-Targeted Quality of Life instrument (HAT-QoL) [30] and the Multidimensional Quality of life Questionnaire for HIV/AIDS (MQoL-HIV) [21] . As these instruments were tested in single cultural settings usually in the developed world, we assessed QoL using the WHOQOL-BREF [21] , a short form of the WHOQOL-HIV instrument [22] . Available evidence suggests that the WHOQOL-HIV instrument is a reliable and valid measure of health-related QoL in patients with HIV infection [31] , and it has been shown to be valid in multicultural settings of heterogeneous socioeconomic strata, including African countries [22] .
Disparities in living conditions among HIV+ subjects with or without BFR may influence participants' QoL. However, there were no differences in demographic variables between the two study groups, with the principal occupational activities being agricultural, involving subsistence farming and the keeping of livestock. No data were collected with regard to housing conditions or access to clean drinking water and electricity. Furthermore, disparities in living conditions among HIV+ subjects with or without BFR may influence participants' QoL. However, most subjects lived within the neighbourhood of towns where they obtained adequate HIV treatment services. Their occupational activities were predominantly agricultural, being involved in routine subsistence peasantry farming, livestock and domestic animals such as poultry, goats, pigs, and sheep, and a few sold their produce to earn a living.
Few studies have examined the effects of an intervention on QoL in HIV+ people with body fat abnormalities [4] . We found that exercise training increased social interactions and improved psychological well-being in HIV+ men and women with body fat changes. Others have reported Fig. 1 Quality of life mean domain score changes at 6 months by gender; data expressed as mean ± standard deviation. * P \ 0.05, ** P \ 0.0001 versus male group both the benefits of exercise training as a source of social support [32] or highlighted the importance of social support in coping with HIV disease [33] . Exercise training may have facilitated social interactions among participants, provided an opportunity for them to share experiences about the impact of body fat changes, and helped them regain a measure of control over disclosure of their health status. A study has shown that HAART-treated HIV-positive patients with morphologic changes perceived that health care providers neglected their psychosocial wellbeing, and they expressed dissatisfaction with physicians' psychological support [4] . This attitude may impede progress towards a meaningful, beneficial therapist-patient relationship, which is one of the major determinants of a high level of health-related QoL [34] . Therefore, exercise training could help to alleviate feelings of isolation, promote self-esteem and confidence in health and improve psychosocial constructs of well-being. This is of particular importance, as it may improve patients' attitudes and desire to commence or continue anti-HIV medications, particularly in sub-Saharan Africa where new treatment initiatives are being undertaken.
Exercise training improved functional independence and self-efficacy, possibly through improvements in cardiorespiratory fitness. Moreover, improvements in cardiorespiratory fitness were mirrored by a fall in the total BFR score in subjects who exercised over the 6-month study period. Others have shown that increases in fitness are associated with improvements in HIV+ patients' selfefficacy [35] , and this may contribute towards better functional independence. Although exercise training has been shown to improve physical endurance, strength and cardiovascular function [36] , studies on the effects of exercise training on QoL in HAART-treated HIV patients with body fat alterations are limited. However, improvements in QoL and aerobic fitness have been observed in HIV-positive patients following 6 weeks of exercise training [14] . Over a 6-month exercise intervention, although aerobic capacity improved in HIV+ patients with body fat alterations, we did not observe a significant improvement in perceived physical functioning parameters.
However, exercise training positively modulated anthropometric variables, resulting in a decline in central adiposity and a decrease in waist circumference and WHR without affecting hip circumference. HIV-and HAARTassociated body fat alterations typically impair one's body image and appearance, and thus these positive morphologic adaptations following exercise training may have improved participants' psychological and social relationships and well-being due to an improved body image. Exercise training also improved subjects' psychosocial well being and self-perception of independence. Independence scores included questions regarding functional activities of daily living such as ability to engage in work, school and recreational activities. This is not surprising as the beneficial effects of exercise training on function and the ability to perform activities of daily living have been reported in other populations [37] . Contrary to our hypothesis, exercise training had no effect on subjects' perception of physical functioning. Improvement in independence may have influenced subjects' psychosocial well-being, as increased independence may have improved their ability to engage in social relationships. Another possible reason for improvement in psychosocial well-being could have been due to patients' self-perception of body image and self-esteem, which influenced mobility, social interactions and functioning more and thus influenced their perception of better independence. Indeed, others have reported that social support is a crucial factor in coping with the demands of functional limitations due to the psychosocial impact of HIV disease [33] . The physical functioning score included questions regarding energy, sleep, pain and discomfort. The reasons for lack of effect of exercise training on these parameters is unclear, as there are reports on the beneficial effects of exercise training on energy and fatigue in other populations. [38] . This may be due to the already high baseline values observed in the exercise group for perceived physical function (Table 2 ) and the nature of the questions used to measure the subject's perception of physical function, which did not include a direct question on physical fitness.
Although the QoL of both HIV+ men and women receiving HAART is equally affected by morphologic abnormalities [39] , women appear to be at greater risk of developing body fat changes [40] . Our findings demonstrated that women's psychological well-being, social relationships and confidence about health improved more than they did for men. This is a significant finding because as with most other sub-Saharan countries, women comprise the majority of HIV+ patients receiving HAART in Rwanda [41] . Thus, exercise training is especially beneficial for HAART-treated HIV+ women and seems to attenuate symptoms that may adversely affect medication adherence [42] . The reasons this intervention was more effective in women than in men are not known, and this study was not designed to address this issue. However, women may have greater sensitivity and perception of changes in body shape and image, which resulted in greater self-esteem and improved QoL when compared with men [43] .
Our study has some limitations. First, although HIV and HAART-specific measures of QoL chosen for this study are important for the breadth and multidimensional conceptual framework and are specifically sensitive for HIV+ subjects with body fat alterations during the HAART era, they are in the process of being validated in other studies Qual Life Res (2008) 17:377-385 383 [23] . Second, subjects were recruited from public government hospitals and HIV/AIDS clinics and were all on WHO-recommended HAART and therefore do not necessarily represent the general national population of HIV+ patients receiving HAART. Third, we did not assess dietary intake in our study population, so we cannot ascertain to what extent the differences observed in anthropometric changes between the two study groups were due to differences in diet.
The findings support the notion that supervised exercise training may potentially moderate the effects of body fat changes that impair body image and self-esteem and result in marginalisation and stigmatisation of HAART-treated HIV+ African men and women. Participants underwent inexpensive and simple but guided and effective aerobic exercise training in which cardiorespiratory fitness significantly improved more in subjects who exercised for 6 months. This is the first study to exhibit improvements in QoL for HAART-treated HIV-positive African subjects with BFR. Evidence suggests that lifestyle modifications including exercise training are beneficial for HAARTtreated HIV-positive subjects with body fat alterations from Western countries [44, 45] . However, to make such exercise programmes more accessible in resource-poor environments, subjects with BFR should be enrolled into home-based exercise programmes that have proven beneficial to HIV-positive subjects in developed countries [46] . Exercise training may prevent deterioration of psychological factors and social relationships in HIV-positive men and women receiving or starting HAART treatment. One important strategy would be to promote inexpensive and efficacious interventions, such as exercise training, along with other behavioural interventions, with the goal of improving HAART adherence and treatment initiatives, particularly in resource-limited areas of sub-Saharan Africa.
